Abstract. Currently, urban heat island (UHI) phenomenon and building energy consumptions are becoming serious. Strategies to mitigate UHI and reduce building energy consumptions are implemented worldwide. In Japan, as an effective means of mitigating UHI and saving energy of buildings, highly reflective (HR) and green roofs are increasingly used. In order to evaluate the effect of roofs with high reflection and thermal insulation on the energy conservation of buildings, we investigated the roof solar reflectivity of the subject school in Osaka, in which the HR roofing sheet was installed on the roof from 2010. Thermal loads, including cooling and heating loads of the top floor of school, were calculated using the thermal load calculation software, New HASP/ACLD-ȕ. Comparing the thermal loads after HR roofing sheet installation to previous, the annual thermal load decreased about 25 MJ/m 2 -year and the cooling load decreased about 112 MJ/m 2 -year. However, the heating load increased about 87 MJ/m 2 -year in winter. To minimize the annual thermal load, thermal insulation of the roof was also considered be used together with HR roofing sheet in this study. The results showed that the combination of HR roofing sheet and high thermal insulation is more effective to reduce the annual thermal load.
Introduction
Urban heat island (UHI) is a well-documented climatic change phenomenon [1] . UHI intensity in hot climates may rise up 10°C [2, 3] , resulting in increased discomfort, higher pollution levels while it has a serious impact on the cooling energy consumption of buildings [4] . Important research has been carried out to document its influence on the urban climate [5, 6] . As the same UHI phenomenon has become serious, the energy consumption in buildings is also increasing rapidly. Among strategies of mitigating UHI and reducing energy consumption of buildings, highly reflective (HR) materials [7, 8] applied to building roofs or retro-reflective (RR) materials [9] [10] [11] used for building facades have been researched globally. HR or RR building envelope materials can reduce the cooling load in the summer due to their high solar reflectivity. However, the HR and RR envelopes can also increase the heating load in the winter [12] .
In three major cities (Tokyo, Nagoya, Osaka) of Japan, under global warming in progress at the rapid rate, the temperature of Osaka rises 2.1°C in 100 years which is higher than the national average temperature 1.0°C, this difference 1.1°C is thought to be due to heat island effect [13] . The global contribution from buildings towards energy consumption, both residential and commercial, has steadily increased to between 20% and 40% in developed countries, and has exceeded the other major sectors: industrial and transportation [14] . Buildings in the urban area are a major contributor to the UHI phenomenon. Focusing on the anthropogenic heat emissions, a study showed that exhaust heat from buildings in Japan accounted for approximately half of the anthropogenic heat in the city [15] . Thus, to reduce energy consumption in buildings plays an important role in countering the UHI effect. Many studies to subject the UHI effect have also been implemented widely in Japan [16] [17] [18] [19] .
In order to mitigate UHI effect and reduce energy consumption of buildings, HR roofing sheets were installed on the roofs of 70 schools in Osaka, Japan from 2010. The solar reflectivity of HR roofing sheets installed on roofs was investigated [20] . In order to evaluate the effect of HR roofing sheet on the energy conservation of buildings, this study aims to calculate and compare the thermal load of building before and after HR roofing sheet installation on the subject school roof. Additionally, to minimize the thermal load of buildings, it is necessary to consider applying appropriate thermal insulation together with the HR roofing sheet to the roof in this study. The roof appearance of the subject school covered with HR roofing sheet is shown in Figure 1 . The ground plan of the top floor (the 4th floor) of the school building with a floor area of about 683 m 2 is shown in Figure 2 . Structures of the roof, floor, exterior wall and interior wall are shown in Table 1 .
Subject school and HR roofing sheet
The HR roofing sheet has high solar reflectivity in the near-infrared (NIR) range regardless of the solar reflectivity in the visible (VIS) range.
According to the previous research [20] , the solar reflectivity of HR roofing sheet in visible range (400-780 nm) was about 0.5, about 0.58 in near-infrared range (780-1700 nm) and about 0.54 in all wavelengths (400-1700 nm) by the investigation of previous study. Table 1 
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56 the indoor temperature, humidity and thermal loads of buildings, which has been developed for the purpose of evaluating the energy consumption of air-conditioning in buildings [21] . Parameters in New HASP/ACLD-ȕ calculation program, such as the solar reflectivity of exterior walls, structure of building walls, operating condition of air conditioning, could be rewritten easily. To calculate the thermal loads of buildings by New HASP/ACLD-ȕ, the following input data are needed for the calculation period. Hourly meteorological data: air temperature, absolute humidity, direct solar radiation, diffuse solar radiation, cloud cover, wind direction and wind speed, etc. Building data: the longitude, latitude of the building, wall dimensions and directions, roof and overhang dimensions, ground height, solar reflectivity of ground, solar radiation absorption and long-wave emissivity of outer walls, the structure and materials of outer and inner walls, ceiling height, distance to and height of neighboring buildings, and schedule of indoor activities and occupancy, etc. For this study, monthly and annual thermal loads (annual cooling and heating loads) of subject school before and after construction of HR roofing sheet were calculated using New HASP/ACLD-ȕ. Conditions of the thermal load calculations are shown in Table 2 .
Results and discussion
Monthly and annual thermal loads (annual cooling and heating loads) before and after construction of the HR roofing sheet in the subject school were calculated and shown in Figure 3 and Figure 4 , respectively. It showed that: i) the thermal load from May to October (here noted that September is summer vacation of school) decreased when the roof was covered with HR roofing sheet (Case B). Among these months, July has the largest reduction of monthly cooling load, about 30 MJ/m 2 -month; ii) compared to the case before the roof was retrofitted with HR roofing sheet (Case A), annual total thermal loads decreased about 25 MJ/m 2 -year and the cooling load decreased about 112 MJ/m 2 -year after the roof was constructed with the HR roofing sheet (Case B). However, annual heating load increased about 87 MJ/m 2 -year after construction of HR roofing sheet (Case B).
The result indicated that the HR roofing sheet is more effective for cooling load in the summer period. However, it is disadvantage for heating load in the winter period. In order to minimize the total thermal load and heating load, according to our previous study [22] , this study considers adding thermal insulation with a thickness of 50 mm to the roof of the subject school combined with the HR roofing sheet (Case C).
Refurbishment for reducing thermal loads
Monthly and annual thermal loads (annual cooling and annual heating loads) under three cases (Case A; Case B; Case C) were calculated and shown in Figure 5 and 
Conclusions and future research
The thermal load of subject school before and after construction of the HR roofing sheet was calculated using the software, New HASP/ACLD-ȕ in this study. For retrofitting the roof of the subject school to minimize the thermal load, thermal insulation of the roof with a thickness of 50 mm is considered to be added to the roof combined with the HR roofing sheet.
The cooling and the total thermal loads of subject school decreased after the construction of HR roofing sheet on the roof of subject school. However, the heating load increased after the construction of the HR roofing sheet. Thus, it is considered that the HR materials are effective in the summer and opposite in the winter.
For the location of Osaka (34.7 o N), if the thermal insulation could be considered be used together with the HR roofing sheet, it is sufficient to combine the insulation thickness of approximately 50 mm with the HR roof sheet (solar reflectivity was investigated to be about 0.50) to reduce the thermal load directly related to energy consumptions for the subject school.
In order to apply the HR materials more widely, due to the high-cost of current HR materials applied to roofs, the development of low-cost HR materials should be an important issue for the future research. In addition, if the HR material could be applied to building facades, the further work should focus on preventing the "light pollution" to the neighboring buildings, and the reflection directional characteristics of these HR materials should be studied.
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